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This diploma thesis is an experimental study into the energy absorbing characteristics 
of steel double-hat sections, which are reinforced with polymer foam, subjected to 
dynamic axial crushing.  
The shells vary in the morphology of the intersection. We studied square, hexagonal 
and octagonal shells. For the construction, steel sheets cut, bended and welded 
properly.  
A shell from each category remained empty while the others supported by 
polyurethane (PU) foam core. The foams created in the laboratories of the 
Manufacturing Technology Department, Mechanical Engineering School of NTUA, 
using the projected monomers that are granted by Bayer Hellas. 
  
After the manufacturing processes, the specimens crushed in the Instron testing 
machine of the laboratory. Connection with a personal computer allowed us to take 
precise measurements of each collapse, in our attempt to calculate the required data.  
We were focus in the mean characteristics such as absorbed energy, specific energy, 
energy dissipation density and the uniform load.  
The presentation of results accompanied by photographs from each test expressing the 
progressive collapse of the samples and in order to derive any correlation with the 
recorded data. 
In addition, for each type for shell and core material are presented aggregate results 
for easier supervision.  
As it can be seen from the above, the subject of this study is related to 
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4S 125 120 
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4.4.1     
BAYTHERM BD-100 
!012!" *'&32,4',(!"
,1,+&42, *'&"%25)"   100:100 DESMODUR 44 V 20 L (MDI) 
6!'%&',"2, ,,!'4,".1 7+2.1                         24 
o
C / 22 
o
C 
6!'%&',"2, (&'%,"                                                   40 ± 5 
o
C 




 :        35 ± 3'' 
0




135 ± 10'' 
*71&), !+!76!')" !&1.")"                                                   100 ± 10 kg/m
3
*71&), ,('&7                                                                           250 ± 20 kg/m
3
",6!'&), ,*&6)!7")"                                           3 







   

 
(7"2!" ,2 %)0,12!" 232&)!" &7 ,('&7
*71&), ,('&7 DIN 53420 250 kg/m
3
"7''21.") DIN 53464 0,55 % 
,*&''&()") 73,&" (20
o
C , 14 )%!'!") DIN 53428 0,4 % 
,1&0) "7%*2!")" "! 10% "7%*2!") DIN 53421 5 MPa 
6!'%2) ,4.42%&), (24
o
C)  DIN 18164 0,057 W/m
"71!+!")" 6!'%2)" ,4.42%&)," DIN 53431 900x10
-6
/K 








,1,+&42, *'&"%25)" 100:100 DESMODUR 44 V 40L 
6!'%&',"2, ,,!'4,".1 7+2.1 24 
o
C ± 2 
o
C 
6!'%&',"2, (&'%," 40 ± 2 
o
C 




 : 43 ± 4'' 
0




142 ± 10'' 
*71&), !+!76!')" !&1.")" 170 ± 10 kg/m
3
*71&), ,('&7 400 ± 20 kg/m
3
",6!'&), ,*&6)!7")" 3 







   

 
(7"2!" ,2 %)0,12!" 232&)!" &7 ,('&7
*71&), ,('&7 DIN 53420 400 kg/m
3
"7''21.") DIN 53464 0,5 % 
,1&0) "7%*2!")" "! 10% "7%*2!") DIN 53421 1,5 MPa 
6!'%2) ,4.42%&), (24
o
C) DIN 18164 0,040 W/m
"71!+!")" 6!'%2)" ,4.42%&)," DIN 53431 100x10
-6
/K 
,12",") ") (.2, DIN 4102 B3 
BAYTHERM GF-38 
!012!" *'&32,4',(!"
,1,+&42, *'&"%25)"   100:110 DESMODUR 44 V 20 L  
6!'%&',"2, ,,!'4,".1 7+2.1                                       22 ± 2
o
C
6!'%&',"2, (&'%,"                                                        40 ± 5 
o
C 




 :        32 ± 3'' 
0




210 ± 20'' 
*71&), !+!76!')" !&1.")"                                                                     41 ± 2 kg/m
3
*71&), ,('&7                                                                           8 44kg/m
3
",6!'&), ,*&6)!7")"                                           3 








(7"2!" ,2 %)0,12!" 232&)!" &7 ,('&7
*71&), ,('&7 DIN 53420 44 kg/m
3
"7''21.") DIN 53464 1 % 
,*&''&()") 73,&" (20
o
C , 14 )%!'!") DIN 53428 9 2% 
+!2", !+2, DIN 53428 8 90% 
,1&0) "7%*2!")" "! 10% "7%*2!") DIN 53421 0,30 MPa 
371,%) 32,%)")" (20 
o
C ) DIN 53421 0,70 MPa 
6!'%2) ,4.42%&), (24
o
C)  DIN 18164 0,023 W/m
",6!'&), 32,","!.1 (100
o
C) DIN 53431 -0,3 % 
",6!'&), 32,","!.1 (-30
o
C) DIN 53431 +0,3 % 








,1,+&42, *'&"%25)"   100:100 DESMODUR 44 V 20 L  
6!'%&',"2, ,,!'4,".1 7+2.1                                       22 ± 2
o
C
6!'%&',"2, (&'%,"                                                        45 ± 5 
o
C 




 :        28 ± 2'' 
0




230 ± 10'' 
*71&), !+!76!')" !&1.")"                                          29 ± 2 kg/m
3
*71&), ,('&7                                                                           41 ± 2 kg/m
3
",6!'&), ,*&6)!7")"                                           3 








(7"2!" ,2 %)0,12!" 232&)!" &7 ,('&7
*71&), ,('&7 DIN 53420 41 kg/m
3
"7''21.") DIN 53464 1 % 
371,%) !,")" DIN 53430 0,40 MPa 
!'&*) "& "*,"2%& DIN 53430 20% 
,1&0) "7%*2!")" "! 10% "7%*2!") DIN 53421 0,20 MPa 
371,%) ,%:)"  DIN 53423 0,40 MPa 
6!'%2) ,4.42%&), (24
o
C)  DIN 52616-77 0,023 W/m
",6!'&), 32,","!.1 (100
o
C) DIN 53431 -0,3 % 
",6!'&), 32,","!.1 (-30
o
C) DIN 53431 +0,1 % 







4.5   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 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    
    	
 20-22























































GF 41 100:100 0,01601 0,01601 0,03202 
GF-38 44 100:110 0,016364 0,018 0,03436 
BD-100 250 100:100 0,09763 0,09763 0,19525 
BOF 400 100:100 0,1562 0,1562 0,31240 
0,000584 
GF 41 100:100 0,01197 0,01197 0,02394 
GF-38 44 100:110 0,012236 0,01346 0,02570 
BD-100 250 100:100 0,073 0,073 0,14600 
BOF 400 100:100 0,1168 0,1168 0,23360 
0,000683 
GF 41 100:100 0,014 0,014 0,02800 
GF-38 44 100:110 0,01431 0,015742 0,03005 
BD-100 250 100:100 0,08538 0,08538 0,17075 
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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      

           
   
  











,   
     
 
   
    
    	
[" 4.9].     
  ,   
  [" 4.10]. 
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 

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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	   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     #    
 
  . 4 
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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  

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 
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	     	 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    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







,   	
 	
 
   2  
  
    (  
 	   
  
 110’’) [" 4.14].    
 
   
 	 	
 	
 [" 4.15].  
" 4.14: , 


























  	 
 INSTRON 








   10 KNt. 
!	 "	
#   	 	, 	
: 
 ! 	
,   $,  
	"#
  	%








  	. 




&	 "	  






	 5.1: (	 
 Instron 4482 	) 	
 ") 















#  	 	
: 
 $	
 	: 10 KNt. 
 (
 		 





  	  	




 		    
 		: 75 KNt. 
 (
 		 
  	  




	  	 	: 2 mV V-1. 





 & & 		& 			 	




  : 
 ! 
 	. 
 ! 	   #&. 
 ! 	 
&. 






	   	
  			  &
	#& 	
  Bluehill 2 [	 5.2]. 
	
 
	 	  	
 	  

















(#  	  
	
		 #
  		 	 		 #  	
%	  	
 	& 	 *.raw  	 	 	

# 	 
		# 	.   
	 5.2: )




































  , 	 	 
  	# 	 
	 ASTM ,ISO ,DIN EN , 
	  










	& & & 
	#&   	" &
   # & 
	 	#
	  	" &

	#& 	
  &	  
 	 	
 #& 		&
 	 &  		  ". 
 REPORT 
 	%








	 	 #&  
  		 
  
 #
 & 	#&  . 
 ADMIN 
	
    	  	



























5.2   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  #  
 # & 
   	
	. ! 	 
%	
    		 &  
# 	  	 	
		# 	
. ( 	 
  & 







*   	
 
 # 		
   
, 
  & & 	 	"#











 	. , 	
 
 







& 	&  	 
	 
. 
 # &,   & 
#&   #  L / D ( / 
#) 	 
 	 	 	
 
	    #






  		 & [	 5.3]. 
	 5.3: 
	)   
 
	 L / D > 5 
")   
# 
	 L / D > 2.5   
)   
 "	 





 	   
)   "	 






)   
  
	 L / D < 2 & 	 #& 
"











5.3     

!	 
	 		#	 & 
#     #	

 &	  
 
























DH-4S - 0,28891 - 0,28891 0,00078 
DH-4S-GF 
BAYTHERM  
GF 0,28891 0,03202 0,32093 0,00078 
DH-4S-GF38 
BAYTHERM  
GF-38 0,28891 0,03436 0,32327 0,00078 
DH-4S-BD100 
BAYTHERM  
BD-100 0,28891 0,19525 0,48416 0,00078 
DH-4S-BOF 
BAYTHERM 
BOF 0,28891 0,3124 0,60131 0,00078 
DH-6S - 0,24332 - 0,24332 0,00058 
DH-6S-GF 
BAYTHERM  
GF 0,24332 0,02394 0,26726 0,00058 
DH-6S-GF38 
BAYTHERM  
GF-38 0,24332 0,02570 0,26902 0,00058 
DH-6S-BD100 
BAYTHERM  
BD-100 0,24332 0,146 0,38932 0,00058 
DH-6S-BOF 
BAYTHERM 
BOF 0,24332 0,2336 0,47692 0,00058 
DH-8S - 0,25555 - 0,25555 0,00068 
DH-8S-GF 
BAYTHERM  
GF 0,25555 0,02800 0,28355 0,00068 
DH-8S-GF38 
BAYTHERM  
GF-38 0,25555 0,03005 0,2856 0,00068 
DH-8S-BD100 
BAYTHERM  
BD-100 0,25555 0,17075 0,4263 0,00068 
DH-8S-BOF 
BAYTHERM 
BOF 0,25555 0,2732 0,52875 0,00068 
		 5.1: -		

#  & 
&
.& 	





 	 	 (# - # - #).    	
 
 		 
	 & & 






  		 		 	
 # 
	 & double hat (DH). 
  		# 	
   	  
	  	 (4S - 6S - 8S). 
!,    		 	





	  # 






















	 			 	  	 
 Instron  		 10mm/min 





 		 50%. 






  &	   	#. 
 
	 	
  # 
#		   – 		 & 	
 	
		  	 
	 	 . )  		  Bluehill 2, #"	 	
	 *.raw   5000 	 & 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 
	   	 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,)+ -	 		  
 			
, 	
,  	 	) 
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	- 	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	 




 	)  + . !  )  )		*+
0	
 	 1,16 mm )/  (
 *   
	  	)
	0
 *	 )	. ! )  ) 	 5 mm 	/
 	
  )		*+
 0  * )/	  	
 0	  -
. . !
	   	)	  
	- ( ) )			
 	 50 
mm, )  + 	)	  	) 	. + )  
 

	-  )	 	
  )	*-   
- 	  	-,  *	/
*  )		






  ( 
*	 *. 
 	
, L 80 mm

 
, Pmax 30147 N 
 
, Pm 8959 N 
 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 ) .   )) 1,5 
mm 	)  	 *	,  	,.  
 	 40 mm ) (

	,),  	 /	




   	
	, ,+  
(	 
	
 . 	 	
  )	 	- 
(	   2 mm 
	. $ + 
   
 *		
 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DH-4S 30,147 1,16 8,959 3,36 
DH-4S-GF 40,389 1,30 15,808 2,55 
DH-4S-GF38 43,516 1,75 21,637 2,01 
DH-4S-BD100 38,442 1,08 25,305 1,52 
DH-4S-BOF 60,939 80,00 38,597 1,58 
DH-6S 35,033 0,85 8,776 3,99 
DH-6S-GF 35,436 1,10 15,820 2,24 
DH-6S-GF38 36,483 1,98 16,148 2,26 
DH-6S-BD100 35,597 1,03 25,062 1,42 
DH-6S-BOF 91,059 80,00 50,417 1,81 
DH-8S 22,959 2,09 9,544 2,41 
DH-8S-GF 39,046 2,24 18,527 2,11 
DH-8S-GF38 41,046 1,43 20,519 2,00 
DH-8S-BD100 40,161 1,45 27,478 1,46 
DH-8S-BOF 69,228 80,00 44,221 1,57 
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 ( kJ/m^3) 
DH-4S 716,84 3876,86 1435,98 
DH-4S-GF 1264,74 6157,59 2533,53 
DH-4S-GF38 1731,15 8367,38 3467,85 
DH-4S-BD100 2024,62 6533,93 4055,73 
DH-4S-BOF 3087,91 8023,91 6185,72 
DH-6S 702,20 4509,24 1891,70 
DH-6S-GF 1265,72 7399,86 3409,81 
DH-6S-GF38 1292,00 7504,09 3480,60 
DH-6S-BD100 2005,13 8047,40 5401,75 
DH-6S-BOF 4033,50 13214,68 10866,11 
DH-8S 763,62 4668,97 1754,64 
DH-8S-GF 1483,37 8174,10 3408,48 
DH-8S-GF38 1641,77 8982,02 3772,45 
DH-8S-BD100 2198,48 8058,00 5051,65 
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